Local structure of the Fe-doped La 1−x Ca x MnO 3 (x=0.00-1.00) compounds has been investigated by means of Mössbauer spectroscopy. 57 Fe Mössbauer spectra provide a direct evidence of Jahn-Teller distortion in these manganites. On the basis of Mössbauer results, the Jahn-Teller coupling was estimated. It is noteworthy that Ca-concentration dependence of Jahn-Teller coupling strength is very consistent with the magnetic phase diagram. Our results reveal that Mössbauer spectroscopy can not only detect the local structural distortion, but also provide a technique to investigate Jahn-Teller coupling of Fe-doped La 1−x Ca x MnO 3 colossal magnetoresistive perovskites.
The discovery of colossal magnetoresistance (CMR) in the manganese perovskites La 1−x Ca x MnO 3 has recently attracted significant scientific attention.
1,2 More and more evidence has indicated that the double-exchange coupling model alone is not sufficient to explain the CMR effect, and strong electron-lattice coupling plays an important role in determining the observed resistivity behavior and the magnetic transition temperature.
3−7
Millis has argued that there are two types of lattice effects in ABO 3 -type magnetoresistive manganese perovskites. 7 One is the tolerance factor, t =
, where R A , R B and R O are the radii of A, B and O ions, respectively. 4 The other one is the local structural distortion of MnO 6 octahedron resulting from the Mn 3+ Jahn-Teller effect. Since the longrange structural distortion decreases rapidly in La 
where
is the second-order crystal-electric-field (CEF) coefficient.
The electric charge, q i , of the i th surrounding ion should be effective charge as determined by a consideration of the shielding and polarization of inner-shell electrons of the central ion. R i is the radial distance of the ith surrounding ion from the central ion, and θ i is its polar angle in spherical coordinates. A 20 is zero for cubic or perfectly octahedral symmetry. ions, 18 it can easily be shown from eqs. (2) and (3) that D t << D s . Therefore, the energy separation between and orbitals arises mainly from the contribution of the second-order CEF coefficient A 20 of the distorted octahedra and eq. (1) can be written as:
Although the relationship between E JT and A 20 is relatively simple, small errors in X-ray structural data can cause very large errors in the values of A 20 . Moreover, since the surrounding ionic charge is not concentrated exclusively at the lattice positions as assumed in the point charge model, the contribution of inner-shell electrons' shielding and the polarization of the central ions should be taken into account as well. Therefore, it is difficult to obtain a reliable result on the basis of x-ray diffraction data alone. However, Mössbauer spectroscopy can be employed to determine the value of A 20 by a measurement of the quadrupole splitting as described below.
In the case of 57 Fe Mössbauer effect, the quadrupole splitting, ∆, can be written as
(1 +
where Q is the electric quadrupole moment of the 57 Fe nucleus, η is the asymmetry parameter and V zz is the principal component of the electric field gradient (EFG) at the nucleus. This final quantity includes contributions from valence electrons of both the Fe ion V ZZ (Fe), and the surrounding ions, V ZZ (latt). This may be written as
where P s is the probability of the valence electrons at different orbitals. The values of 
Therefore, the relationship between E JT and the quadrupole splitting at Fe 3+ ion ∆(Fe 3+ )
can be written as In the case of ferromagnetic materials, electric quadrupole interaction is a perturbation term in comparison with magnetic hyperfine interaction. It will become the main term at T>T c . Mössbauer spectra collected at T>T C provide a possibility to determine quadrupole splitting precisely. As illustrated in fig. 3 , the quadrupole splitting at Fe 3+ ion is found to have no obvious change at T>T C , which is same as that in La 1−x Ca x Mn 0.9575 Fe 0.0425 O 3 .
13
These results suggest no abrupt change in the difference of Mn-O bond lengths above T C , in agreement with the results of extended X-ray absorption fine structure (EXAFS) and neutron pair distribution function (PDF). 6, 7, 22 Further work is needed to investigate quadrupole splitting and Jahn-Teller coupling below T C using 57 Fe-enriched samples.
In conclusion, we employed 57 Fe nucleus as a micro-probe to detect the local structure of 
